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osting by EAbstract Introduction: A better understanding of the morphology of complete atrioventricular
septal defects (CAVSD) has impacted on surgical techniques and results. On some occasions the
leaﬂet tissue is deﬁcient and repair becomes difﬁcult which leads to atrioventricular valve (AVV)
regurgitation following the surgical repair of the AVSD.
Objectives: This study was conducted to evaluate a modiﬁed technique in which two patches
where used to close the complete atrioventricular septal defect (CAVSD) with augmentation of
the left atrioventricular valve (AVV) with the ventricular septal defect (VSD) patch.
Methods: The technique was performed on 105 infants with CAVSD at a mean age of
11.7 ± 23 months (median 5.7, range 1–135). Both superior and inferior bridging leaﬂets are
divided routinely to expose the VSD. An autologous pericardial patch, sized precisely, is sutured
to the ventricular septum. A 3–4 mm of extra patch is fashioned beyond the plane of the annulus
and sutured to the divided leaﬂet of the left AVV. A second autologous pericardial atrial patch
is attached to the body of the VSD patch at the plane of the annulus allowing 3–4 mm of the
VSD patch to augment the left AV valve.
Results: There was one early death among these infants. At early postoperative echo all infants
had no signiﬁcant residual lesions. The contribution of the patch-augmented left AV valve to com-
petency is clearly seen by two-dimensional echocardiography. At a mean follow up of
27 ± 10 months there were two late deaths with normal last echocardiography. There were only
two children who progressed to severe left AV valve regurgitation needing reoperations.ion, King Abdulaziz Cardiac
Specialties, Mail code: 1434,
Saudi Arabia. Tel.: +966
ity. All rights reserved. Peer-
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210 H.K. NajmConclusions: This modiﬁed technique yields good anatomical repair. Allowing reconstruction of
both AV valves independent of the other and is in particular helpful in cases of deﬁcient left
AVV tissue.
ª 2009 King Saud University. All rights reserved.Table 1 The study.
Duration of study February 2000–July 2007
No. of infants 105
Mean age (months) 11.7 ± 23
Mean weight (kg) 5.6 ± 4.5
Down syndrome 85%1. Introduction
Repair of complete atrioventricular septal defect represents
one of the reconstructive lesions which not only requires
knowledge of the anatomical substrate but in addition an
artistic approach to the three-dimensional structure of this
lesion. The outcome of such repair initially was directed to
reduce the operative mortality where in the earlier series it
was reported to in excess of 10% (Capouya et al., 1992; Ban-
do et al., 1995; Tweddell et al., 1996) and in recent series as
low as 2–3% (Bando et al., 1995). This was achieved with a
better understanding of the lesion but in addition improve-
ments in the pathophysiology, anesthesia and cardiopulmo-
nary bypass techniques. Although the treating physicians
and surgeons are proud with improved early survivorship,
the incidence of reoperations for left atrioventricular valve
LAVV regurgitation, subaortic obstruction or the insertion
of a permanent pacemaker still unresolved. Classically the
one patch technique divides bridging leaﬂets but leaves both
atrioventricular valves at the same level limiting repairability
of the left atrioventricular valve (LAVV). The two patch
technique allows repairability but on the expense of compro-
mised exposure which could lead to residual VSD or the
implantation of permanent pacemaker. In addition none of
these techniques addresses the deﬁcient leaﬂets, were surgeons
have to leave the operating room with suboptimal results be-
cause of the inadequacy of the leaﬂet tissue to allow satisfac-
tory repair of the LAVV. We report in this series a technique
of repairing complete atrioventricular septal defects whereby
both bridging leaﬂets are divided for optimal exposure in
addition to routine augmentation of the left atrioventricular
valve leaﬂet to improve central cooptation.Pre-op banding 3
Coarctation of aorta 3
Moderate RV hypoplasia 10
LVOTO 1
Associated TOF/DORV 9
DOLAVV 3
Table 2 Associated procedures.
Procedure Number
Additional LAVV repair 16
PA deband 3
RV overhaul 9
Multiple VSD closure 6
LVOT resection 1
Pulmonary valvotomy 1
RV muscle bundle resection 5
Baﬄe of LSVC to RA 1
ECMO 1
Take down of blalock Tausig shunt 1
Coarctation repair 12. Materials and methods
Consecutive children who underwent repair of complete atrio-
ventricular septal defects as the primary diagnosis were in-
cluded in this review. Univentricular hearts and discordant
atrioventricular and ventriculoarterial connexions were ex-
cluded. From February 2000 to February 2007. One hundred
and ﬁve children underwent the said repair and were reviewed
from the departmental database in addition to hospital medi-
cal records. Variables included in the analysis include: preop-
erative demographics and anatomical substrates, operative
details and postoperative outcome until hospital discharge in
addition to late reoperations or death during follow up.
Preoperative diagnosis was conﬁrmed by echocardiography
in all children in addition to cardiac catheterization in selected
cases referred later than 6 months of age and has suspension of
increased pulmonary vascular resistance. Associated lesions in-
cluded double oriﬁce LAVV in 3, Parachute LAVV in 1, mod-
erate right ventricular hypoplasis in 6, coarctation of aorta in
3, left ventricular outﬂow obstruction in 1, left superior vena
cava draining to roof of left atrium in 1 (Tables 2–5).Children under 6 months of age received dexamethasone
1 mg/kg the night of and the morning of surgery to decrease
the postoperative surgical trauma.
3. Operative technique
This technique was brieﬂy reported earlier in few cases within a
larger published series from the hospital of sick children,
Toronto (Najm et al., 1997). The surgery was performed on
standard cardiopulmonary bypass with ascending aortic and
bicaval cannulation. Mild systemic hypothermia (temperature
between 32 and 34 C) and cold intermittent cardioplegia
was employed every 20 min. After opening the right atrium
parallel to the AV groove, the anatomical substrate is evalu-
ated. Careful attention is given to the common AVV in partic-
ular the tension apparatus as this will determine the site of
division of both superior and inferior leaﬂets (Spray, 2004).
A marking suture is inserted and then the valve is tested with
saline injection to conﬁrm the chosen site. Subsequently both
bridging leaﬂets are divided starting from the free leading edge
to junction of the annulus of the common AVV and the crest
of the septum. When dividing the inferior bridging leaﬂet the
incision is carried few millimeters to the right side of the junc-
tion to avoid suture close to the conduction tissue. The leaﬂets
Table 3 Operative results.
Type of VSD patch
Gortex (PTFE) 5
Autologous pericardium 100
Atrial patch autologous pericardium 105
Additional LAVV repair 20 (31%)
TPT 91 ± 25
Ischemic time 67 ± 20
Ventilatory support (days) 55 ± 94
LCO 7
ECMO support 1
Transient CHB 6
PPM 1
Hospital stay 10 ± 5
Early mortality 1
Table 4 Follow up.
Follow up (months) 45 ± 10
Late mortality 2
Reoperations for LAVVR 4
Late PPM 2
Aneurysm of the VSD patch 1
Table 5 Ecocardiography results.
Echocardiography results
LAVV regurgitation
None or trace 85
Mild 14
Moderate 4
Severe 2
Residual VSD 1
Subaortic gradient 0
Routine leaﬂet augmentation of left atrioventricular valve 211are divided to the annulus irrespective of the so called rastelli
classiﬁcation (Rastelli et al., 1966). This allows complete expo-
sure of the entire scooped out ventricular septal defect. At this
point the subaortic region is examined and if there are chordal
attachments tethering the superior bridging leaﬂet to the sep-
tum are divided, thereby eliminating compromise of the left
ventricular outﬂow tract. The ventricular patch of fresh autol-
ogous pericardium is then sized accurately with a free silk
thread as the width of the patch dimensions is crucial in valve
competency as it becomes the anterior annulus of the LAVV.
The depth of the patch is also measured to be larger than
the scooping of the ventricular septum to allow for augmenta-
tion of the LAVV. The patch is then attached to the right side
of the ventricular septum and to the free margin of the divided
superior and inferior bridging leaﬂets at the same time approx-
imating the base of the zone of apposition (cleft). The zone of
apposition (cleft) is then completely closed in two layers of 7-o
polypropylene suture in two layers starting at the insertion of
the primary chordal attachment at the free leading edge to-
wards the base. The LAVV is then examined and additionalsutures in commissures, cleft or annulus are added if necessary
to improve competency of the LAVV (Figs. 1–3).
A second patch of autologous pericardium is then sized and
sutured to the right side of the ventricular patch few millime-
ters (3–5 mm depending on the size of the child) apical from
the patch–valve suture line at the same time attaching the di-
vided leaﬂets of the right AVV. This part of ventricular patch
becomes part of the LAVV augmentation thereby increases the
central coaptation. To avoid conduction tissue the transition
of this suture line is carried inferiorly from the ventricular
patch to the valve tissue directly without suturing to the sep-
tum. Then it is carried along the annulus of the LAVV until
the coronary sinus is passed then the suture line is carried to
the margins of the ostium primum defect. Finally the RAVV
is examined with saline injection. And additional defects in
the atrial septum and the right atrium are closed. A left atrial
pressure line is inserted routinely. Weaning from cardiopulmo-
nary bypass is carried with addition of milrinone and dopa-
mine infusions.
All children underwent transesophageal echocardiography
in the operating room prior and after the repair. The postop-
erative care is directed to prevent pulmonary hypertension
and excessive volume loading to avoid stretch of the freshly re-
paired delicate valves. Prior cardiac procedures included,
coarctation repair in 3, pulmonary artery banding in outside
institutions in 3 and blalock Tausig shunt in 1.
One hundred and ﬁve children underwent the above repair
at an average age of 11.7 ± 23 months (median 5.7, range 1–
135) and weight of 5.6 ± 4.5 kg (median 4.6, range 2.3–28).
Down syndrome was present in 85% of children. The total car-
diopulmonary bypass time was an average of 91 ± 25 min
(median 86 range 52–196) and a myocardial ischemic time of
67 ± 20 min (median 65, range 25–156). Additional proce-
dures performed with the above repair are depicted in Table 1.4. Results
There was only one postoperative mortality. Postoperative
duration of ventilation was 55 ± 94 h (median 24, range 4–
713 h); duration of inotropic support was 50 ± 35 h (median
45, range 0–207). The mean no. of inotropes was 1.9 ± 0.5
(median 2, range 0–3). Sternum was left open temporarily after
surgery in 4. Renal failure requiring renal replacement therapy
was required in 4. Evidence of low cardiac output was seen in
7. Temporary pacemaker was required in six children. Only
one child required early permanent pacemaker insertion, this
was in the early part of this experience (patient no. 12). At dis-
charge the echocardiographic ﬁndings were satisfactory repair
except in two children were the LAVV regurgitation was
judged signiﬁcant, although on subsequence echocardio-
graphic evaluation it has improved to moderate while the child
remained clinically well. During the follow up period ranging
from 2 to 86 months, four children required reoperation for
LAVV regurgitation all of which were repaired except for
one who required replacement. One of these children also
had small residual VSD, which was closed. No children re-
quired reoperations for left ventricular outﬂow tract obstruc-
tion. Two children required insertion of PPM at 7 months
and 1.2 years after surgery. One child developed aneurysm of
the ventricular patch 1.5 years after repair and died prior to
reoperations suddenly.
Figure 1 (A) Attachment of the ventricular patch to the crest of the ventricular septum. (B) Attachment of the ventricular patch to the
divided LAVV and approximation of cleft.
Figure 2 Completion of the cleft closure and ﬁnal appearance of the LAVV. (a) Depiction of the VSD patch without augmentation of
the LAVV. (b) Augmentation of the LAVV as described in the text with the VSD patch extension.
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Repair of complete atrioventricular septal defects has tran-
scended through multiple stages of continued improvement
in the outcome. This has paralleled the continued improve-ment in the outcome of most repairs of congenital heart de-
fects. The initial era has concentrated on decreasing the early
mortality, which was substantial, compared to the current re-
sults. The improvement in early mortality was related to better
understanding of the detrimental factors leading to such
Figure 3 Depiction of the augmentation of the LAVV by the
ventricular patch.
Routine leaﬂet augmentation of left atrioventricular valve 213mortality or major morbidity. This included better anesthetic
and perfusion techniques. The importance of residual lesions
after repair and the stability of the repair has become the cor-
nerstone of continued improvement in the outcome. In previ-
ous series it was established that the early reoperations for
residual VSD or LAVV regurgitation carries worse outcome
compared to late reoperations (Najm et al., 1997). Therefore
it is of paramount importance to leave the operating room
with no residual lesions. To establish this means unrestricted
exposure of the crest of the ventricular septum is important
to avoid residual VSD’s, hence the technique described gives
this exposure by dividing the superior as well ad the inferior
bridging leaﬂet. The improved exposure allows the inferior
bridging leaﬂet to be lifted from the right side of the ventricu-
lar septum by dividing secondary chordai. By doing so sutur-
ing of the patch can be carried well into the septum away
from the area of the conduction system. In our series only
one child (1%) required implantation of PPM early after sur-
gery and no children had to be operated for residual VSD early
after repair.
The second detrimental factor for poor outcome is the pres-
ence of important residual LAVV regurgitation. Reconstruc-
tion of the LAVV is complex. It is now established that the
zone of apposition (cleft) should be sutured since it will be
the cause for recurrent regurgitation and reoperations (Wetter
et al., 2000). On some occasions the LAVV is deﬁcient and does
not allow for satisfactory repair. The described technique al-
lows for augmentation of the LAVV routinely thereby improv-
ing central cooptation of the leaﬂets. This has been seen in
postoperative echocardiograms where the augmentation is
clearly documented at the base of the ‘‘anterior leaﬂet’’ of the
newly formed LAVV.We also believe that it is important to size
the ventricular patch accurately as this becomes at least 1/3 of
the newly formed annulus of the LAVV, hence larger or smaller
patch may cause incompetence or stenosis, respectively.
Another reason for reoperations after repaired atrioventric-
ular septal defects is subaortic obstruction due to the gooseneck deformity and tethering of the superior bridging leaﬂet
to crest of the septum, the so called rastelli A (Rastelli et al.,
1966). The technique described addresses this issue by dividing
these attachments allowing elevation allowing ample space un-
der the superior bridging leaﬂet. Concerns have been reported
(Lacour-Gayet et al., 2006) on the technique whereby the
bridging leaﬂets are sutured directly to the ventricular septum
(Nicholson et al., 1999) as it may further elongate the left ven-
tricular outﬂow tract and predispose to obstruction.
We have chosen fresh autologous pericardium. Albeit ini-
tially with trepidation. Prior to this series we tried polytetra-
ﬂuoroethylene and bovine pericardium. But the concept of
this repair is a soft pliable patch which is not present in either
of the other material especially when it calcify if bovine peri-
cardium is used. We had one patient who developed aneurysm
of the ventricular patch. This has concerned us, nevertheless, it
is in the early part of the series and we have refrained from
harvesting pericardium form the upper portion since it is usu-
ally thin and may not sustain ventricular pressure in addition
we have recognized that this patch need to be accurately sized
without redundancy. Further longer follow up is needed to
establish the longevity of pericardium in this position.7. Conclusion
The technique described gives excellent early outcome for the
repair of completer atrioventricular septal defect in both mor-
tality and incidence of residual lesions. The mid-term outcome
also seems promising in establishing a low reoperations rate.
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